Electrophysiological responses of the retina and visual cortex to a series of grating stimuli (6-768 minutes of arc) were recorded in seven sessions using normal beagles, 21 sessions using beagles afflicted with inherited ocular hypertension, and 12 sessions using rhesus monkeys. A 150 field centred around the animal's area centralis or fovea was used to stimulate the central retina. A 30°field, centred on the same spot, was then used to stimulate the larger area. Two recording series were completed on each animal, with both field sizes presented in each recording session. The first recording took place 30 minutes after and the second 2 hours after the injection of thiamylal sodium. Only the signals from the toroidal 150 of the retina of the hypertensive dogs were remarkably larger during the second recording (p=0001). No significant differences were found between the two recordings from the retinas of normal dogs or monkeys, nor were there any significant differences between the two recordings from above the cortex in any group. Several hypotheses are proposed to explain the basis for the interaction of thiamylal with the more peripheral retinal function in clinically glaucomatous dogs. (BrJ Ophthalmol 1993; 77: 502-508) Thiamylal sodium is the thiobarbiturate analogue of secobarbitone. It is an ultra short acting drug, commonly used for induction of general anaesthesia for several short term veterinary surgical procedures. In the dog the drug is metabolised rapidly by the liver,' and has no apparent cumulative effect.23 The duration of anaesthesia in the dog is 10-45 minutes,2 with complete recovery after 113 minutes.3 In mixed breed dogs, disposition of thiamylal is characterised by a rapid distribution phase (half life 38-9 minutes) and an elimination phase with a half life of 666 minutes.4 The total plasma clearance of the drug in dogs is 3-21 ml/min/kg. 18 Despite this wealth of information on the multifactorial effect of anaesthetic drugs and increased IOP on visual electrophysiology, we find no information on the interactions between anaesthesia and OHT in the glaucomatous retina. This is surprising, considering the fact that ERG recordings are used in many institutions to diagnose and monitor the progress of glaucoma in non-verbal patients such as children, mentally handicapped people, and animals.'9-22 They may be used to diagnose glaucoma at early stages, before the appearance of funduscopic changes and visual field losses.'ll22 Frequently at this stage the visual deficits are not entirely diffuse, with the greatest losses in the more peripheral, paracentral regions of the visual field. 19 21 23 We report on interactions between thiamylal and different retinal regions of normal and ocular hypertensive dogs.
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Materials and methods

EXPERIMENTAL ANIMALS
Seventeen beagle dogs and seven rhesus monkeys (Macaca mulatta) were used in the study. Of the 17 dogs, 13 were hypertensive and four were normal. Some ofthe animals were used for more than one recording session. In such cases, the minimum interval between the recordings was 6 months. Repeat recordings were done using the same (left) eye. A total of21 recordings were conducted using hypertensive dogs, seven recordings were conducted on normal dogs, and 12 recordings were conducted using rhesus monkeys. Statistical analysis of the results was accordingly conducted using repeat measure methods. The mean age ofthe dogs was 1-3 years (range 0 5-3 years) for the dogs with OHT and 3-4 years (range 0 7-5 3 years) for the normal dogs.
The hypertensive dogs used in this study are part of a colony of beagles who are afflicted with OHT and other associated, progressive, ophthalmic disorders. These disorders are inherited as an autosomal recessive trait,24 and matings of affected dogs always result in affected offspring (Gelatt, personal observations 
Monkeys
The anaesthetic protocol used in monkeys was similar to that of the dogs, with two differences: (1) Before the premedication with glycopyrrolate the animal was injected intramuscularly with 10 mg/kg ketamine for restraint. ( 2) The intravenous pancuronium dose for monkeys was 0 05 mg/kg, supplemented every 60 minutes.
ELECTROPHYSIOLOGY
The basis for electrical measurements has been previously described.3' Briefly, the eyes were dilated and the fundus was visualised through a highly modified Zeiss fundus camera which was fitted with a third optical channel. Through this channel, eight computer generated video grating patterns of progressively decreasing spatial frequency (5-004 cycles per degree (cpd)) were projected upon the fundus. The patterns were vertical dark and light gratings with a 50% duty cycle and 80% contrast. Gratings were reversed in a square wave fashion 0 5 cycles (one grating width) at 6 Hz. Mean luminance of the display was 342 candelas/m'. The luminance of the surrounding field was 0 3 log units higher than the luminance of the light bar of the dark/light grating pair, to suppress the effect of scattered light, and the room was darkened. Visual control was used to centre the image upon the area centralis or fovea of the animal's left eye, and present it in Maxwellian view. The stimulated field was 300 in diameter.
Retinal signals were recorded using a corneal contact lens electrode, with the reference electrode placed at the lateral canthus. Cortical signals were recorded using an electrode placed over the primary visual area of the animal, with the reference electrode placed at the base of the ipsilateral ear. The ground electrode was placed at the tip of the ear in dogs and over the midline of the forehead in monkeys. Signals were amplified x 10 000 with a 0 3-300 Hz (3 dB) passband, using the electronic equivalent of a six pole Bessel filter. Signals were then digitised with 20 bit accuracy at a rate of 2 kHz. Since recordings were conducted on animals whose muscles were relaxed, artefact rejection was not used. A total of 330 signals, time locked to the shifting of the stimulus, were averaged by computer for each grating pattern, and stored on magnetic disks for later analysis.
The process was then repeated with seven grating patterns (5- field and the toroidal 150 retinal field in the second recording session were significantly higher (p=0-001 in both cases) than those recorded in the first recording session (Fig 3A) . No significant differences were found between the first and second recordings from the central 15°of the retina (p= 0 - 19) The remarkable finding of this study is the fact that after the injection of thiamylal there is a large, delayed, regional change in retinal responsiveness only in hypertensive dogs. The signals produced by the retinas of OHT dogs injected with thiamylal nearly doubled with time (p=0-001). When these results are analysed closely, it is revealed that the source of the increase is in the peripheral, toroidal 150 of the retina (Fig 3A) . There is no significant difference in the signals produced by the central 150 of the retina (p=0 19), nor in any of the visual cortex recordings (p>023) (Fig 3B) . An example of this is shown in Table 2 , which displays the results from one typical ocular hypertensive dog, where the regional gain is x30. Furthermore, when comparing Figures 2A and 3A , one can see that the signal recorded from the more peripheral, toroidal 150 of the retina of dogs with OHT during the second session was larger than the corresponding signal recorded in normal dogs. In normal dogs, no significant difference was found between the first and second signal recorded from either the retina (p>O-17) or cortex (p>039) (Fig 2) . It would seem that thiamylal, its consequences, or its breakdown products have no lingering effect on the visual system of normal dogs. This finding was repeated with another control group of rhesus monkeys, thus indicating that the absence of a thiamylal effect in normal eyes is not restricted to one species. Table 2 indicates that these findings are indeed due to the injection of thiamylal. Re-injecting a hypertensive dog with thiamylal caused a 66% drop in the signal recorded from the central 300 of the retina. The signal recorded from the toroidal 150 fell by 88% before rising again, while the central 150 of the retina was hardly affected. We are not aware of any study that shows a selective effect of thiamylal on OHT patients. While it is conceivable that our findings are a result of another, undetected and unrelated, ocular disorder in the OHT group, we have found no evidence to support such a theory. We believe that our results support the hypothesis that the effect of thiamylal on the toroidal retina of our experimental group is a consequence of OHT. It should be noted that the increase in the recorded signal is not equally distributed in all of the spatial frequencies used, but, rather, is preferential to low spatial frequencies of the stimulus. However, the spatial frequency dependence of the phenomenon is a complex topic which cannot be fully discussed in one paper, and is therefore presented elsewhere. 34 Our findings raise three major questions. Firstly, why is the retinal reaction of glaucomatous dogs to thiamylal, or to its consequences or products, different from that of normal dogs? Secondly, why is the drug's effect seen only in the more peripheral retina of the glaucomatous dogs, and not in their central retina or their cortex? Finally, why is the alteration in peripheral retinal sensitivity delayed?
It has already been established that human glaucoma causes both diffuse and preferential loss of optic nerve fibres. results also suggest that in the dog, just as in the human, the damage caused by glaucoma is not entirely diffuse, but may be preferential to certain sectors of the retina and the optic nerve. This may explain why no significant differences were detected between the two recordings from the visual cortex. In humans and other species with cortical magnification of the primary visual area, responses recorded from the visual cortex originate mainly in the central retina. 37 The two theories most widely used to explain the basis for preferential loss of axons in human glaucoma are the mechanical damage theory and the ischaemia theory.35 According to the mechanical damage theory, the increased pressure causes mechanical damage to the nerve fibres, especially in the lamina cribrosa region; the preferential damage is caused by differences in the size and configuration of the openings in the lamina. According to the ischaemia theory, the increased IOP causes ischaemia, which in turn leads to degeneration of the nerve fibres. Preferential loss of fibres is a result of differences in the anatomy of the blood supply to different regions of the nerve.
Either of these theories can explain the time course of the effect of thiamylal on the function of the toroidal 15°of the retina in glaucomatous dogs. If the increased IOP causes inner retinal ischaemia, one may speculate that these neurons and their control nets are affected by the drug or its breakdown products long after its injection. The delayed alteration of retinal sensitivity could be the result of either slower build up of the thiamylal, lower overall metabolism rate, reduced clearance, and/or slow accumulation of drug byproducts by the damaged neurons. It should be noted that ultrastructural changes in laminar optic nerve capillaries, including the presence of Weibel-Palade-like bodies, have indeed been reported in glaucomatous beagles,25 supporting a local perfusion disorder.
The ischaemia theory can also explain why the signals from the peripheral, toroidal 150 of the retina of glaucomatous beagles 2 hours after the injection of thiamylal were larger than the corresponding signals in normal dogs. It has been suggested that other barbiturates, such as pentobarbitone, cause an increase in certain components of the ERG by suppressing the inhibitory influence of neurons in the inner plexiform layer."I It is reasonable that thiamylal, or its byproducts, may interact with the retina in a similar manner. Therefore, if increased IOP chronically reduces local circulation, delaying the onset of the drug's suppressive effect on the lateral inhibitory units, the result could be a delayed, larger signal in glaucomatous dogs, and perhaps an early, unrecorded, large signal in normal dogs. This explanation is supported by the fact that glaucomatous dogs in this study were in the very early stages of the disease. Their retinal and cortical signals show no apparent visual deficits or large scale optic nerve damage when compared with clinically normal dogs (Fig  3) . The delayed 'enhancement' phenomenon may result from preglaucomatous pathological changes in the eyes of dogs from this colony: namely, either microcirculation changes and/or mechanical distortions in the optic nerve region." 26 The mechanical damage theory explains delayed enhancement in a similar way. According to this theory, more of the fibres conducting the signal from the peripheral retina are damaged. It is known that mechanical distortions of the anterior lamina cribrosa area exist in dogs from this colony. 26 
